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ABSTRACT 

A study is made of photoelectric detectors,  since they pro-  

vide a high degree of accuracy in the measurement  of absorption 

c ros s  sections. The intensity of radiation is often the important 

factor in photoionization measurements. The degree of intense - 

ness  of the radiation, for  this study, can be defined as "strong" 

if  af ter  dispersion by a grating spectrograph the radiant flux 

exceeds 10 It appears  that s eve ra l  

light sources  exist which produce useful continua f rom 3500 A to  

600 A of sufficient intensity to measure (employing photoelectric 

detection techniques) (a) absorption c r o s s  sections of gases  and 

crystals ,  and (b)  reflectance and transmittance of thin films. 

8 photons/sec a t  the exit slit. 
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second order lines are removed. 

The dashed line indicates the H2 continuum when the 

Fiqure 2. Hopfield continuum between 600 and 1000 io Impurity lines \?f 
atomic hydrogen and neon are present in the helium discharge. 

Figure 3 .  Rare gas continua produced by xenon, krypton, and argon at 
T h t  approximately 150 mm Hg pressure in LiF sealed lamps. 

absolute flux at the peak of the xenon continuum is about 
1 5x107 photons / s e c  , 

Figure 4.  Garton-type flash tube. 

Figure 5. Breakdown of major c:>mpunents of flash tuhr, 

Figure 6. Assembled view of  f l a s h  tube. 

Figure 7. Flash tube and storage capacitor showing the Low Lnd;:r.anik 
transmission line. 

Figure 8. Trigger circuit utilized fo r  the Garton-type far UV light 
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Figure 9.  Flash tube spectrum of helium between 500 and 2000 A. 
Exposures for one, two, and four discharges are shown. 
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Figure 14,  Glew-discharz,e spectrum in helium between 550 and 1200 A 
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VACCLM LLTRAVIOLET LIGHT SOLRCES 

1 INTRODUCTION 

For high resolution spectroscopy it is essential to use a light 

source which produces a continuous spectrum in the wavelength region 

of interest, Unfortunately, in the region below 2000 A there are few 

light sources which produce an intense continuum. Although this is 

unimportant when photographic techniques are used as detectors, it is  

very important when photoelectric devices are used. In this discussion 

we are interested in photoelectric detectors since they provide a higher 

degree of accuracy in the measurement of absorption cross sections 

Further, the intensity of radiation is often the important factor in 

photoionization measurements 

The degree of intenseness of the radiation, for this discussion, can 

be defined as "strong" if after dispersion by a grating spectrograph the 

radiant flux exceeds 10 photons/sec at the exit slit. This figure is 

chosen since, for photoionization measurements below 1000 A ,  where nc 

window materials transmit, the gases under investigation must be at 

rather low pressures to maintain the necessary high vacuum in the mono- 

chromator and at best about 10 percent of the incident photons are 

absorbed Even if a photoionization yield of 100 percent is assumed 

then even the "strong" radiation of 10 photons/sec produces an electric 

current of only 1 6x10-" amps 

intensity of a continuum light source is that the 10 photons/sec be 

8 
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A further condition imposed on the 
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produced by a d i s p e r s i n g  in s t rumen t  p rov id ing  a wavelength r e s o l u t l o n  

of one Angstrom o r  b e t t e r  

e x i s t  with a s e p a r a t i o n  between l i n e s  of one t o  two Angstroms The many- 

l i n e d  hydrogen spectrum between 900 t o  1675 A i s  an example,  

Th i s  r e s o l u t i o n  i s  chosen s i n c e  l i n e  s p e c t r a  

We have d i s c u s s e d  t h e  need f o r  l i g h t  sou rces  which e m i t  a s t r o n g  

continuum in t h e  vacuum u l t r a v i o l e t  r e g i o n  of  t h e  spec t rum.  However, 

much va luab le  work can be achieved  w i t h  a l i n e  spectrum e s p e c i a l l y  a t  

t he  important  s o l a r  emiss ion  l i n e s ;  v i z  , t h e  1215 7 H I, 584 He I and 

the  304 He I1 l i n e s  A l i n e  spectrum i s  o f t e n  more i n t e n s e  than  a con- 

t inuum; and f u r t h e r ,  i t  L S  not  always necessa ry  t o  have a h i g h  r e s o l u t i o n  

spec t rometer  t o  produce h i g h l y  monochromatic l i n e s  s i n c e  t h e  s e p a r a t i o n  

o f  t he  l i n e s  may be one o r  two Angstroms. For  i n s t a n c e ,  a glow d i s c h a r g e  

i n  he1 i u m  produces the  i n t e n s e  584 A l i n e  o f  He I q u i t e  i s o l a t e d  from any 

neighboring l i n e s  The re fo re ,  a r e s o l u t i o n  of  s e v e r a l  Angstroms can  s t i l l  

prcduce pure 584 A r a d i a t i o n  It i s  a l s o  e a s i e r  t o  assess the  amount of 

.scattrr~?cl l i g h t  p r e s e n t  Ln a l i n e  spec t rum than i n  a con t inuous  spec t rcm 

and t h c r e f c r e  e a s i e r  t o  make c o r r e c t i o n s  f o r  i t .  

Due. t o  the g r e a t  v a r i e t y  o f  exper iments  i n  vacuum u l t r a v i o l e t  r a d i a -  

t i o q  phys ic s ,  single l i g h t  sou rce  would s a t i s f y  a l l  expe r imen ta l  

reqLiremcnts nor w c ~ l d  i t  cover  t h e  wavelength range  c f ,  s a y ,  100 A t o  

2000 A .  In one case  a l i n e  spec t rum may be d e s i r e d ;  i n  a n o t h e r ,  a 

microsecond pL1stA o f  L V  r a d i a t i o n  is  necessa ry  However, t h e r e  a r e  many 

l i g h t  sohrce des igns  which produce s i m ~ l a r  spec t ra - -some more i n t e n s e  



t 

* t h a n  o t h e r s ,  some w i t h  a somewhat d i f f e r e n t  s p e c t r a l  d i s t r i b u t i o n -  Fcr  

i n s t a n c e ,  t h e  commonly used hydrogen l i n e  spectrum between 900 A and 

1600 A ,  e x c i t e d  by a D O C  

tends  t o  enhance t h e  molecular  spectrum whereas a h i g h  frequency e l e c -  

t r o d e l e s s  d i s c h a r g e  i n  hydrogen c o n c e n t r a t e s  t h e  s p e c t r a l  energy  i n  t h e  

1216 A Lyman-alpha l i n e .  A comparison of t h e  s p e c t r a  produced in  

hydrogen and t h e  rare  g a s e s  by v a r i o u s  means of  e x c i t a t i o n - - v i z  , G C 

glow, microwave g e n e r a t o r ,  and t h e  h o t  f i l a m e n t  t y p e - - i s  p r e s e n t e d  a l c n g  

w i t h  a d i s c u s s i o n  on l i g h t  s o u r c e s  which produce c o n t i n u a  This r e p o r t  

i s  n o t  intended t o  cover a l l  t y p e s  o f  vacuum u l t r a v i o l e t  l i g h t  s o u r c e s  

An obvious omission i s  t h e  Vodar s l i d i n g  s p a r k  s o u r c e  and h i s  n twiy-  

d i s c o v e r e d  continuum, ( 3 )  

glow d i s c h a r g e  w i t h  a p l a t i n i z e d  c a p i l l a r y .  

( 2 )  

R a t h e r ,  the i n t e n t  w a s  t o  s t u d y  t h e  p r c d u c t i o n  

of vacuum u l t r a v i o l e t  r a d i a t i o n  by a v a r i e t y  of methods and compare t h t  

r e l a t ive  i n t e n s i t y  of t h e  r a d i a t i o n  on the. same spec t rometer  w i t h  a 

s t a n d a r d  s l i t  w i d t h  and g r a t i n g ,  The s p e c t r o m e t e r  used w a s  a McPherson 

No.. 235 % M Seya Monochromator w i t h  a 1200 L/mm g r a t i n g  b lazed  for  normal 

i n c i d e n c e  a t  1500 A ,  A t  t h e  Seya angle  of i n c i d e n c e ,  3 5 O ,  t h i s  r e p r e  

s e n t s  a b l a z e  a t  about  1300 A .  The e n t r a n c e  and e x i t  s l i t s  were 50 

microns w i d e  w i t h  t h e  e x i t  s l i t  6 mm high A r e s o l u t i o n  of two Ang- 

s t roms w a s  r e a l  i zed  under t h e  above cond i t  i o n s  

3 
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11. CONTINULW LIGHT SOL'RCES 

A .  HYDROGEN CONTINUljM 

The hydrogen continuum is best produced in a D,C. glow discharge 

tube preferably with a platinized capillary to enhance the recombination 

of atomic hydrogen, A hydrogen pressure of nun Hg is normal to produce 

a relatively strong continua, A s  the pressure decreases, the intensity 

of the molecular radiation decreases whereas the intensities of the 

atomic lines increase. Details of the D.C, glow discharge tube axe 

g.iven in a later section. 

Figure 1 shows the hydrogen continuum from 1675 A to 2300 A 

obtained from a D.C. glow discharge operated with a current of 300 mA 

at 200 watts. Superimposed on the continuum are the second order lines 

of the intense line spectrum above 1050 A ,  A lithium fluoride window 

was used in order to remove second order lines due to radiation of 

shorter wavelength than 1050 A ,  the transmission limit of lithium 

fluoride. Thus, a smooth continuum is produced from 1675 A to 2100 A 

To extend the usefulness of  the continuum to longer wavelengths, quartz 

or sapphire windows should be used since their transmission limits are 

1800 A and 1400 A ,  respectively. 

the ccntinuum in the absence o f  the second order lines. Below LOO0 A 

the peak radiant flux of the continuum is 1 6x10 photons/sec. For 

comparison, the intensity o f  the Lyman-alpha line, 1215.7 A, and the 

The dashed line in Figure 1 represents 

7 
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B .  RARE GAS CONTINUA 

(4 .  S e v e r a l  rare gas  c o n t i n u a  have been produced by Tanaka e t  a i  

cover ing  the  range  600 A t o  2000 A .  No estimates of t h e  a b s o l u t e  i n t e n -  

s i t i e s  a r e  a v a i l a b l e ,  however, s i n c e  the  method of d e t e c i i o n  w a s  by 

photographic  t e c h n i q u e s .  

R e c e n t l y ,  Huffman e t  a l .  (596’  a t  t h e  A i r  Force  Cambridge R.escarcrl 

L a b o r a t o r i e s  s u c c e s s f u l l y  produced a r e l a t i v e l y  s t r o n g  continuum u s i n g  d 

condensed r e p e t i t i v e  s p a r k  i n  p u r i f i e d  he l ium To o b t a i n  t h i s  continuurn, 

the he l ium p r e s s u r e  w a s  r a t h e r  h i g h  (around 50 rmn Hg);  t h u s ,  d i f f e r e n t i a ;  

pumping w a s  r e q u i r e d  t o  m a i n t a i n  a h i g h  vacuum i n  t h e  main body of the 

s p e c t r o g r a p h  I n  a d d i t i o n  t o  t h e  no rma l ly  observed  Hopf ie ld  continuhm, 

between 600 and 1000 A ,  t hey  observed  a n o t h e r  he l ium continuum between 

1050 and  4000 A which they  r e p o r t  h a s  a peak i n t e n s i t y  e i g h t y  t imes m c r e  

i n t e n s e  than  t h e  peak i n  the Hopf i e ld  cont inuum. 

i; 1 

(8) 

Abso lu te  i n t e n s i t y  measurements of  t h e  Hopf i e ld  continuLm were 

made as fo l lows :  A p h o t o m u l t i p l i e r  c o a t e d  w i t h  sodium s a l i c y l a t e  w a s  

used t o  r e c o r d  t h e  continuum a l o n g  w i t h  t h e  1216 A impur i ty  l i n e ;  t h c n ,  

by e x t r a p o l a t i n g  t h e  c o n s t a n t  quantum y i e l d  of sodium s a l i c y l a + c  

900 A ,  t h e  i n t e n s i t y  o f  t he  cont inuum w a s  de t e rmine  r e l a t i v e  t o  t h e  1216 A 

l i n e .  A n i t r i c  ox ide  ion  chamber w a s  t h e n  used  t o  de t e rmine  t h e  a b s o l u t e  

i n t e n s i t y  of  t h e  1216 A l i n e  from the known p h o t o i o n i z a t i o n  y i e l d  of n i t r i .  

h+. icw ( 9  \ 

6 
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molecular  band a t  1608 A i s  g i v e n  i n  F igu re  1, However, t he  r e l a t i v e  

i n t e n s i t i e s  o f  these l i n e s  and t h e  continuum vary  w i t h  p r e s s u r e .  



, o x i d e , ( l 0 )  

3x1o7 photons /sec  when used w i t h  a 2 M normal i n c i d e n c e  s p e c t r o g r a p h ,  

600 lines/mm g r a t i n g ,  and 0 , l  ~ I U  e n t r a n c e  and e x i t  s l i t s .  

v ided  a wavelength r e s o l u t i o n  of  0 . 5  4. 
D r .  Huffman--shows t h e  Hopfield c o n t i n u u m w i t h  t h e  N e  1 and hydrogen 

series impur i ty  l i n e s .  

The peak f l u x  of  t h e  continuum was found t o  be approximate ly  

T h i s  p r o -  

Figure 2- -k indly  s u p p l i e d  by 

w i  

Other  examples of r a r e  k d s  (xenon, k r y p t o n ,  and argon)  con- 

a r e  shown i n  F i g u r e  3 which i s  reproduced from t h e  J a r r e l l - A s h  ( 1 2 )  t inua 

c a t a l o g  tn t h e  p r e s e n t  i n v e s t i g a t i o n ,  the a b s o l u t e  f l u x  produced by t h e  

J a r r e l l - A s h  xenon lamp was measured under t h e  s t a n d a r d  c o n d i t i o n s  d e s c r i b e d  

in  t h e  I n t r o d u c t i o n  and found t o  be 1 . 5 ~ 1 0  photons /sec  a t  t h e  peak of  t h e  7 

continuum around 1670 A .  

C. LYMAN C O N T I N U L !  

The convent iona l  source  of  cont inua  below 1000 A i s  t h e  Lyman 

This  is e s s e n t i a l l y  an impulsive d i s c h a r g e  from a f l a s h  tube 

c a p a c i t o r  through a narrow bore c a p i l l a r y ,  w i t h  an  e x t e r n a l  gap i n  

se r ies  t o  g i v e  a h i g h  breakdown v o l t a g e .  A s  t h e  power is  i n c r e a s e d ,  

t h e  continuum extends  t o  s h o r t e r  wavelengths ,  P h o t o g r a p h i c a l l y ,  i t  has  

been observed down t o  about  200 A ,  

drawbacks; f o r  i n s t a n c e ,  t h e  e r o s i o n  of t h e  c a p i l l a r y  i s  so  r a p i d  t h a t  

( 1 3 )  

This  type  of f l a s h  tube  h a s  many 

i t  i s  d i f f i c u l t  t o  o b t a i n  r e p r o d u c i b l e  i n t e n s i t i e s  from f l a s h  t o  f l a s h  

F u r t h e r ,  t h e  eroded m a t e r i a l  can damage t h e  g r a t i n g  of  t h e  s p e c t r o g r a p h  

Garton '14' has  overcome t h e s e  d i f f i c u l t i e s  t o  a c e r t a i n  e x t e n t  by u s i n g  

7 
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absolute  f l u x  a t  the peak of the xenon continuum i s  about 
1 . 5 ~ 1 0  7 photons/sec.  
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a wider  bore  tube  (1 cm) b u t  ma in ta in ing  t h e  n e c e s s a r y  h i g h  c u r r e n t  

d e n s i t y  t o  produce a cont inuous  spec t rum by u s i n g  a more e f f i c i e n t  

d e s i g n  of t he  f l a s h  t u b e ,  This  i s  achieved  by keeping  the  inductance  

i n  t h e  c i r c u i t  t o  a minimum, The f l a s h  tube  h a s  a c o a x i a l  c o n s t r u c t i o n  

and t h e  c a p a c i t o r  i s  a s p e c i a l l y  desigAed low induc tance  type  

e l e c t r i c a l l y ,  t he  continuum i s  u s e f u l  from the v i s i b l e  t o  approximate ly  

Photo-  

1000 A A comparison o f  v a r i o u s  types  of f l a s h  tubes  i s  g iven  by Pa rk inson  

(151 and Reeves,  

The Gar ton- type  f l a s h  tube d e s c r i b e d  h e r e  removes t h e  problem 

of  rap id  wa l l  e r o s i o n  a f f e c t i n g  t h e  l i g h t  i n t e n s i t y ,  This is  ach ieved  

by us ing  a c a p i l l a r y  of l a r g e r  bore  than  i n  t h e  usua l  type of  Lyman 

f l a s h  tube To compensate f o r  t h e  l a r g e r  bore .  a more e f f i c i e n t  des ign  

of tube i s  used t o  ma in ta in  the  necessa ry  h i g h  c u r r e n t  d e n s i t y  o f  a t  

l e a s t  3x10  amps/cm t o  produce continuum r a d i a t i o n .  F i g u r e  4 shows an  4 2 

assembly drawing of t h e  Gar ton - type  f l a s h  tube  The constriction is 

c o a x i a l  t o  minimize inductance  and s i n c e  

( 1  
. E  
1 = -  exp ( -  a t )  s i n  w t  

W L  

f o r  a n  o s c i l l a t o r y  c a p a c i t o r  d i s c h a r g e ,  t hen  t h e  c u r r e n t ,  1, i n c r e a s e s  

a s  t he  inductance ,  L ,  decreastrs  E is  the  c a p a c i t o r  v o l t a ~ e ,  w e q u a l s  

L n  t imes the r i n g i n g  f requency  ( f 9  o f  t h e  d i s c h a r g e ,  w h l l e  U. is a decay 

cons t an t  equal  t o  R I L L  Hence, f o r  smal l  1, t h e  decay of t he  o s c i l l a -  

tlons 1s more r ap id  a n d  e s s e n t i a l l y  more and more o f  t h e  c a p a c i t o r  energy  

10 
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goes i n t o  the f i r s t  few c y c l e s  of the d i s c h a r g e  The e l e c t r o d e s  form a 

p a r a l l e l  p l a t e  low induc tance  t r a n s m i s s i c n  l i n e  

The hous ing  tube  i s  t h e  ground e l e c t r o d e  w h i l e  t h e  r f n g  p l a t e  

i s  connected t o  a p o s i t i v e  v o l t a g e  The p r e s s u r e  i n s i d e  t h e  c a p i l l a r y  

i s  maintained a t  approximate ly  50 microns which i s  s u f f i c i e n t l y  low t h a t  

no  spontaneous d i s c h a r g e  t a k e s  p l a c e  The t r i g g e r  e l e c t r o d e  i s  then  

used t o  i n i t i a t e  the d i s c h a r g e  Helium gas  was used as  i t  is  the  most 

t r a n s p a r e n t  i n  t h e  vacuum UV r e g i o n ,  The continuum is, however, produced 

r e g a r d l e s s  o f  t h e  gas  used and t h e  l i n e  spec t rum i s  due t o  i m p u r i t i e s  

p r e s e n t  i n  t h e  tube ;  v i z , ,  O2 and C 

t h e  9 mm bore  6 5 c m  long  ceramic c a p i l l a r y  which is  s e a l e d  vacuum t i g h t  

t o  the e l e c t r o d e s  by O-r ings The O-r ings  l i m i t  t h e  tempera ture  of t h e  

f l a s h  tube  which has  t o  b e  water -cooled  i f  ope ra t ed  as f r e q u e n t l y  as 

1 pps.  Ceramic-to-metal  sea ls  would be an obvious improvement a l thoLgh 

more inconvenient  t o  renew A breakdown of  t h e  major  components of t he  

f l a s h  tube  1 s  shown i n  F igu re  5 The Pyrex tube  h a s  now been r ep laced  by 

a N O ,  LO Pyrex O-r ing j o i n t  F i i u r e  6 shows an assembled f l a s h  t u b e  com- 

p l e t e  w i t h  P l e x i g l a s s  water jacket. ,  w h i l e  F igu re  7 i l l u s t r a t e s  how the  

f l a s h  tube  i s  connected t o  t h e  low induc tance  c a p a c i t o r  v i a  a p a r a l l e l  

p l a t e  t r ansmiss ion  1 ine  

The d i s c h a r g e  takes p l a c e  through 

The f l a s h  tube  can  be a u t o m a t i c a l l y  o r  manual ly  f i r e d ,  In 

F igu re  8 ,  a c i r c u i t  diagram is g i v e n  i l l u s t r a t i n g  t h e  t r i g g e r  c i r c u i t  

and how i t  i s  connected t o  t h e  f l a s h  tube  c a p a c i t o r  c i r c u i t  B a s i c a l l y .  

t h e  p r i n c i p l e  of o p e r a t i o v  is as fo l lows  A s  t h e  f l a s h  tube c a p a c i t o r  

1 2  
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F i g u r e  7 .  F l a s h  tube  and s t o r a g e  c a p a c i t o r  showing the 
l o w  induc tance  t ransmiss  ion  l i n e .  
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F i g u r e  8 .  T r i g g e r  c i r c u i t  u t i l i z e d  f o r  t h e  G a r t o n - t y p e  f a r  UV l i g h t  s o u r c e .  

1 6  



( Y  p f )  c n a r g e s ,  tne v o l t a g e  a c r o s s  t h e  O O 1  M 4 L  of  the c a p a c i t o r  v o l t a g e  

d i v i d e r  r e a c h e s  a s u f f i c i e n t l y  p o s i t i v e  p o t e n t i a l  t o  s t a r t  V i n t o  i t s  

conduct ing phase.  The p l a t e  c u r r e n t  of  t h i s  tube  i n c r e a s e s ,  t h e r e b y  

reducing  t h e  p o s i t i v e  g r i d  b i a s  of V2 u n t i l  i t  i s  i n s u f f i c i e r ' t  t o  main- 

t a i n  conduct ion i n  V A t  t h i s  point ' ,  a p o s i t i v e  p u l s e  i s  t r a n s m i t t e d  

t o  t h e  g r i d  of t h e  2D21 t h y r a t r o n  tube  which i g n i t e s  and t r i g g e r s  t h e  

hydrogen t h y r a t r o n  tube  4 C 3 5 .  With t h e  f i r i n g  of t h e  4C35 t u b e ,  t h e  

t r i g g e r  c a p a c i t o r  (0.25 f )  d i s c h a r g e s  i a p i d l y  through i t ;  and t h e  

p u l s e  developed a c r o s s  t h e  50 K r e s i s t o r  i s  a p p l i e d  t o  t h e  t r i g g e r  p i n ,  

thereby  f i r i n g  t h e  f l a s h  tube .  The f l a s h  tube  i s  mainta ined  a t  a s u f -  

f i c i e n t l y  low p r e s s u r e  (approximately 50 $1 t o  s t a n d  off t h e  h i g h  v o l t a g e  

and r e q u i r e s  t h e  t r i g g e r e d  p u l s e  t o  f i r e  t h e  t u b e ,  

1 

2 "  

A hand t r i g g e r  is i n s e r t e d  when o n l y  i n d i v i d u a l  f l a s h e s  are  

r e q u i r e d ;  e , g  , i n  s p e c t r o g r a p h i c  work. 

The bar i a b l e  r e s i s t o r  marked " t r i g g e r  s e t "  a d j u s t s  t h e  p o s i t i v e  

g r i d  b i a s  of V 2  

f l a s h  tube  c a p d c i t e r  w i l l  d l s r h a r g e  through t h e  f l a s h  t u b e ,  

and thus  t h e  p o i n t  on the RC c h a r g i n g  curve  a t  which t h e  

A typical spectrum obta ined  with t h e  f l a s h  tube 1 s  showr in  

Figure 9 f o r  m e ,  tw.  and f c u r  d i s c h a r g e s ,  each d i s c h a r g e  l a s t i n g  s h o ~ r  

a microsecond.  

(McPherson No. 2 6 0 )  w i t h  a 600 L/mm g r a t i n g  b lazed  for 1500 A .  The 

e n t r a n c e  e l i t  was 100 ~ wiac The 9 f c a p a c i t o r  was charged t o  8 k v .  

The spectrum was obtained on d 2 M vacubm s p e c t r o g r a p h  
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A u s a b l e  continuum extends  from the v i s i b l e  t o  below 1200 A 

even f o r  a s i n g l e  d i s c h a r g e ,  Below 1200 A t h e  continuum is superimposed 

w i t h  an i n t e n s e  l i n e  spectrum. However, the continuum i s  observed t o  ge 

down t o  abou t  500 A ,  a t  which p o i n t  t h e  abso rp t ion  of t h e  He i o n i z a t i o n  

continuum s tar ts  and t h e  g r a t i n g  e f f i c i e n c y  f o r  normal inc idence  LE c l o s e  

t o  z e r o .  I n  t h e  o r i g i n a l  n e g a t i v e ,  w i t h  four  d i s c h a r g e s ,  l i n e s  a r e  

observed down t o  300 A .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  i s  s u f -  

f i c i e n t  n e u t r a l  he l ium i n  t h e  Pyrex tube  of t he  f l a s h  tube t o  produce a 

Rydberg series i n  a b s o r p t i o n  of  t h e  584.3 H e  t s e r i e s  i l l u s t r a t i n g  the  

u s e f u l n e s s  of  t h e  continuum f o r  abso rp t ion  s t u d i e s  even i n  t h i s  s h o r t  

wavelength r e g i o n .  The presence  of such h i g h l y  ion ized  s p e c i e s  as 0 V 

and 0 VI demonst ra tes  t h e  h igh  tempera tures  achieved  i n  t h e  f l a s h  rube .  

I n  F i g u r e  10,  o s c i l l o s c o p e  t r a c e s  of t h e  d i s c h a r g e  c u r r e n t  and 

l i g h t  i n t e n s i t y  (555  A) as a f u n c t i o n  of t i m e  are shown. The sweep time 

i s  2 p s e c l l a r g e  d i v i s i c n .  From t h e  l i g h t  o u t p u t  o s c i l l o g r a m ,  i t  can be 

s een  t h a t  70 p e r c e n t  of t h e  l i g h t  i n t e n s i t y  t a k e s  p l a c e  w i t h i n  2 sec 

To measure t h e  peak c u r r e n t  du r ing  the d i s c h a r g e ,  t he  fo i lowing  

procedure  i s  followed From t h e  r i n g  frequency of t h e  c u r r e n t  o sc  I 1 ~ 

gram, t h e  l o g a r i t h m i c  decrement can be found; v i z . ,  

where i and i a r e  the peak v a l u e s  of the f i r s t  and second h a l f  c y c i e s  1 2 

of t h e  c u r r e n t  o s c i l l a t i o n s .  

19 



LIGHT OUTPUT (555 A) 
vs . 

TIME 

( 2  t - ~  sec /major  divis ion 

Figure 10. Osc i l lograms o f  t he  c u r r e n t  an 
l i g h t  o u t p u t  o f  the  f l a s h  tube  

20 

01CC103 -1 

DISCHARGE CURRENT 
vs. 

TIME 

( 2  p sec/major  divis ion)  



, From Eq.. ( 1 ) .  

(3 )  
a I n  (i /i = - 1 2  2 f  

The r i n g  f requency ,  f ,  is  found t o  be 190 k c ;  hence,  0 i s  found, The 

t i m e  f o r  t h e  c u r r e n t  t o  r e a c h  a maximum can be measured from t h e  o s c i l l o -  

gram; t h u s ,  a l l  t h e  unknowns i n  Equat ion ( 1 )  a r e  determined and 1 is 

found t o  be 

max 

i. = 57 kamps max 

This  g i v e s  a c u r r e n t  d e n s i t y  o f  approximately 90 kamps and a t o t a l  

inductance  f o r  t h e  c i r c u i t  of a b o u t  66 m cL h .  

The f l a s h  t u b e  a p p e a r s  t o  be an e x c e l l e n t  s o u r c e  o f  continuum 

r a d i a t i o n  from t h e  v i s i b l e  down t o  approximately 1000 A .  The s h o r t  

d u r a t i o n  of  t h e  l i g h t  p u l s e  and t h e  a b i l i t y  t o  t r i g g e r  t h e  d i s c h a r g e  a t  

any p r e c i s e l y  r e q u i r e d  t i m e  makes t h f s  type of l i g h t  s o u r c e  p a r t i c u l a r l y  

s u i t a b l e  f o r  a b s o r p t i o n  s t u d i e s  i n  such t r a n s i e n t  phenomena a s  found i n  

shock t u b e  r e s e a r c h  and p o s s i b l y  i n  measuring r e a c t i o n  r a t e s  g r e a t e r  

t h a n  1 )-L sec. 
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111. L I N E  EMISSION LIGHT SOL3CES 

A. D.C. COLD CATHODE DISCHARGE 

I n  a c o l d  ca thode  gas  d i s c h a r g e ,  s e v e r a l  hundred v o l t s  must be 

a p p l i e d  t o  t h e  e l e c t r o d e s ;  then when a f r e e  e l e c t r o n  ex is t s  i n  t h e  t u b e ,  

i t  w i l l  be a c c e l e r a t e d  u n t i l  i t  accumulates  s u f f i c i e n t  energy  t o  c a u s e  

i o n i z a t i o n  i n  t h e  g a s .  T h i s  p r o c e s s  m u l t i p l i e s  and a Townsend ava lanche  

i s  formed. I n  o r d e r  f o r  t h e  d i s c h a r g e  t o  be s e l f - s u s t a i n i n g ,  t h e  p o s i -  

t i v e  ions must r e c e i v e  enough energy t o  produce secondary e l e c t r o n s  when 

t h e y  impinge on t h e  ca thode .  Thus,  i n  t h e  glow d i s c h a r g e  r e g i o n ,  much 

h i g h e r  v o l t a g e s  are r e q u i r e d  t o  s u s t a i n  a d i s c h a r g e  than  i n  t h e  arc r e g i o n  

where t h e  e l e c t r o n s  are  produced by tempera ture  emiss ion  from a h o t  c a t h -  

ode--the cathode being h e a t e d  e i t h e r  by i o n  bombardment o r  by an  e l e c t r i c  

c u r r e n t  as i n  a h o t  f i l a m e n t ,  

A common d e s i g n  f o r  a c o l d  ca thode  d i s c h a r g e  t u b e  i s  t o  u s e  a 

water-cooled q u a r t z  o r  Pyrex c a p i l l a r y  s e a l e d  i n t o  a hol low ca thode  and 

anode by O-r ings .  However, t h e  c o l d  ca thode  d i s c h a r g e  tube  d e s c r i b e d  h e r e  

w a s  based on a d e s i g n  by W. Hunter ‘I6) of t h e  Naval Research L a b o r a t o r i e s  

It  d i f f e r s  from t h e  more c o n v e n t i o n a l  type  i n  t h a t  i t  u s e s  a w a t e r - c o o l e d  

cathode and a l l o w s  t h e  q u a r t z  c a p i l l a r y  t o  r u n  h o t  r a t h e r  t h a n  c o o l i n g  t h e  

c a p i l l a r y  w i t h  a water j a c k e t .  The main advantage  of  t h i s  f e a t u r e  is t h a t  

t h e r e  i s  no danger of  w a t e r  e n t e r i n g  t h e  vacuum system should  the c a p i l l a r y  

break 
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F i g u r e  11 shows a breakdown of t h e  d i s c h a r g e  t u b e .  B a s i c a l l y ,  

t h e  l i g h t  s o u r c e  c o n s i s t s  o f  a 4" q u a r t z  d i s c  w i t h  a q u a r t z  c a p i l . l a r y  

( 4  mm b o r e )  s e a l e d  i n t o  t h e  d i s c  through i t s  c e n t e r  and normal t o  i t s  

s u r f a c e .  The q u a r t z  d i s c  i s  ground f l a t  t o  s e a t  t h e  O-rings on t h e  

ca thode  and t h e  anode, and a c t s  a s  an  i n s u l a t o r  as w e l l  as a vacuum 

sea l .  The ca thode- - the  l e f t - h a n d  c y l i n d e r  i n  F i g u r e  11--is c o n s t r u c t e d  

of two c o n c e n t r i c  c y l i n d e r s  s e a l e d  t o  a l low water t o  flow between them, 

A hollow aluminum c y l i n d e r  i s  s e e n  p r o t r u d i n g  from t h e  ca thode  an'd 

a c t u a l l y  acts as t h e  ca thode  e l e c t r o d e ,  a l l o w i n g  e a s y  replacement  i f  

n e c e s s a r y .  The aluminum i n s e r t  h a s  a few v e r y  f i n e  h o l e s  t o  a l l o w  t h e  

d i s c h a r g e  g a s  t o  l e a k  i n t o  t h e  d i s c h a r g e  r e g i o n .  The anode--extreme 

r i g h t - - i s  ho l low and f l a n g e d  t o  mate t h e  s p e c t r o g r a p h  A s m a l l  window 

i s  i n s e r t e d  f o r  v i s u a l  o b s e r v a t i o n .  A P l e x i g l a s s  f l a n g e  i s  used t o  clamp 

t h e  components t o g e t h e r  and i s  grooved to  l o c a t e  t h e  q u a r t z  d i s c  such  

t h a t  t h e  c a p i l l a r y  l i e s  on t h e  a x i s  o f  the  s p e c t r o g r a p h .  F i g u r e  1 2  

i l l u s t r a t e s  t h e  complete  d i s c h a r g e  lamp, 

The lamp h a s  been i n  cont inuous u s e  f o r  many months w i t h  no 

main tenance  r e q u i r e d  and h a s  proved t o  be v e r y  rugged,  When o p e r a t e d  i n  

t h e  g low-discharge  r e g i o n  f o r  hydrogen--between 200 and 300 mA a t  700 V 

f o r  t h i s  p a r t i c u l a r  lamp--the l i g h t  i n t e n s i t y  i s  v e r y  s t a b l e ,  u s i n g  o n l y  

a v o l t a g e - r e g u l a t e d  power s u p p l y .  However, above 300 mA, t h e  d i s c h a r g e  

e n t e r s  t h e  a r c - d i s c h a r g e  s t a g e  where the v o l t a g e  a c r o s s  t h e  lamp d e c r e a s e s  

as t h e  c u r r e n t  i n c r e a s e s  and t h e  l i g h t  o u t p u t  shows c o n s i d e r a b l e  n o i s e .  I n  

t h i s  r e g i o n  c u r r e n t  s t a b i l i z a t i o n  would be d e s i r a b l e  s i n c e  t h e  l i g h t  o u t p u t  

i s  a f u n c t i o n  o f  t h e  d i s c h a r g e  c u r r e n t .  
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Figure 11. Breakdown of the major components of the discharge lamp.  
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F i g u r e  1 2 .  Complete d i s c h a r g e  lamp. 
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The c o l d  ca thode  d i s c h a r g e  l i g h t  s o u r c e  i s  v e r y  s L i t a b l e  in 

e x c i t i n g  molecular  l i n e s  and the  resonance  l i n e s  of  atcms. The molecular  

l i n e s  can be enhanced i f  t h e  c a p i l l a r y  i n t e r i o r  1s s l i g h t l y  m e t a l l i z e d  

However. i t  1s not  so  s u i t a b l e  i n  producing r a d i a t i o n  from t h e  more h i g h l y  

ion ized  atoms, Since  t h e  source  of r a d i a t i o n  below 1000 A i s  due mainiy 

t c  hLghiy ionized 

mainly abcve  1000 

735  8 and 7 4 3 - 7  A 

F igure  

atcms, t h e  u s e f u l n e s s  of  t h e  glow-discharge lamp 1s 

A .  w i t h  t h e  e x c e p t i o n  of  t h e  H e  1 5 8 4  A and N e  5 

rescnance 1 inks  

3 shows a typ i ;a l  hydrogen scec t rum r e c c r d e d  by an  EMP 

95168 p h c t o m u l t i p l i e r  s e n s i t i z e d  t o  vacuum L Y  radLat ior l  by c o a t i n g  w l t h  

sodium s a l i c y l a t e .  Thr sFectrLm is mainly due t o  molecular  hydrogen; 

howevtr.  r b  reecnance !inrs Lyman.a and B ,  can be s e e n ,  The a c t u a l  

s p e c t r a :  r r ~ k r s y  d1s t r ibUt :Qn Shawn h e r e  i s ,  of  c o u r s e ,  dependent  on t h e  

1ndividl a: g r a r  i v g  used 'I7' The a b s o l u t e  f'tilc a t  Lyman4 w a s  measLrEa 

w i t h  a r l l t r i ;  o x i d e  i c n i z a t i o n  ,hamber and s i n c e  t h e  quantum yLeld cf 

s o d i m  s e i  i i  v l c z t r  i s  r c l a t  i v e l y  c m s t a n t  "'' between io00 a n d  L O O 0  A ,  t h e  

ph ccmLlr t p l  t e r  t r a c e  g i v e s  t h e  a b s o i u t e  f l u %  of  t h e  r a d i a t i o n  emanat i r g  

from t h -  e x i t  s1 i+  T n t  ~ ~ ~ c t r a i  response  abc'lre 1300 A is w e l l  known a m  

; s  ?fit reprcdl,-ed h e r e  The s ~ ~ c t r u m  was t aken  w i t h  50 micron s l i t s  on 

a M S Z Y ~  Merlcchrnrnar r r  k k P h t r s c ~ .  1 3 5 ) .  A r ~ s ~ t u t i c n  of  ahcwt 2 A LE 

r e a l  i z t d  

Ls ,ng e x a c t  i y  t h t  same parameters  f o r  t h P  mencchromatcr t h y  

hE1 1 ~ m  g l c v - d i s c h a r g e  s p : t r u m  w a s  i p v t s t i g a t e d  and compared t o  t h e  

I n t e q s i t y  o f  t h e  hydrogGn spectrum The spec t rum i s  shown i n  Figury 14 
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e Its usefulness is in producing the He I resonance line at 584 3 A with 

considerable intensity The second order 584 A line is more intense 

than the first order, indicating that this grating is more efficiently 

blazed in the region of 1200 A than to shorter wavelengths, The grating 

1;~s blazed for 1500 A at normal incidence; but for a few weak impurity 

lines, the helium spectrum below 1300 A is concentrated solely in the 

584 3 A line The absolute photon f lux  at 5 8 4 - 3  A was obtained by 

assuming that the quantum yield of sodium salicylate remained constant 

down to 584 A ( 9 )  

An argon spectrum was investigated and found to produce-.in 

addition to the A I resonance lines at 1048 A and 1066 A--many lines of 

shorter wavelength down to 500 A In fact the spectrum below 1000 A 1s 

very similar to that produced by the Duoplasmatron, shown Fn Part C of 

this section However, the intensities were a t  least an order of magnr- 

tbde lcwer than that produced by the Duoplasmatron Typical values of 

the radiant f l u x  are given below for a 270 watt glow discharge in argcn 

operated at 300 mA 

Wavelength ( A )  

1066 

1048 

9 LO 
671 

573 

Orig Ln 

A I  
A I  

A r r  
A 1 1  

A TI 

Flux in Photons/Sec -- 
8 

3 , 6 0  x 10 

6 30 

0 5 c  

0 , 0 3  

0 003 
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It  would a p p e a r ,  t h e r e f o r e ,  t h a t  the g low-discharge  lamp is admrrabiy 

s u i t e d  t o  produce the p r o f u s e  hydrogen l i n e  spec t rum from 900 t o  I 6 7 3  A 

the hydrogen continuum above 1675 A ,  and a tomic  resonance  l i n e s  inc lbd ing  

the H e  T resonance  l i n e  a t  5 8 4 . 3  A and t h e  N e  I l i n e s  a t  735  8 A and 

7 4 3 , 7  A For o t h e r  l i n e  r a d i a t i o n  below 1000 A, ano the r  type  of : i g h t  

s o u r c e  must be  used .  

B. 

t o  s u s t a i  

HOT FILAMENT ARC DISCHARGE 

The u s e  of h o t  f i l a m e n t s  t o  p rov ide  t h t  

a d i s c h a r g e  i.1 hydrogen and o t h e r  gase  

f r e e  E l e c t r m L  nr:t .s . ;arv 

has been des- r tb t -d  i n  

The main advantage  i n  usLng a ho t  f : larn-pt t i  
118-19) the 1 i t e r a t u r e  

produce a n  a r c  d i s c h a r g e  appea r s  t o  be due t o  the  f a c t  t h a t  a d i scha r3 .  

c u r r e n t  of s e v e r a l  amperes can  be c r e a t e d  by low v o l t a g p s  t y p i c a l l y  >O T C  

100 V Thus, t h e  need f o r  a h i g h  v o l t a g e  power supp ly  is e l  L m i 7 a t - d  A 

t y p i c a l  150 V - 5 A power supp ly  i s  shown i n  P a r t  C o i  t h i s  sect t o v  d n c  

cou ld  e a s i l y  be  c o n s t r u c t e d  by most l a b o r a t o r i e s  Shou:d a h igher  c t ~ g r ~ t  

o f  c u r r e n t  s t a b i l i z a t i o n  be r e q u i r e d ,  an e x c e l l e n t  ~ ~ r c u t t  : s  g i v e n  b-1 

Moak e t  a1 

renew the f i l a m e n t s  p e r i o d L c a i l y  due t o  a d e c r e a s e  i n  t h e i r  ~ I E  t v c 3  

emissLon However, wLth some e x p e r i e n c e  t h i s  dces  n c t  prtstnc a LI~I: I 

o b s t a c l e  

On the o t h e r  hand,  a prime d i s a d v a n t a g e  is t9e  n+--e  t o  (2C. l  

The one comparisov,  between t h e  ho t  filament a r c  d i 5  h a r z t  ar,c 

o the r  t y p e s  o f  dLscharg ts  t h a t  h a s  r a r e l y  been expr-sstd 1s t h a t  c f  I L L ? '  

i n t e n s i t y  i n  t h e  vacuum u l t r a v i o l e t  r e g i o n  and cf t h e  o r i y i n  o f  t9t K I C ! ~ ~ .  

t i o n ;  v L Z . .  molecular  a t o m i c ,  n e u t r a l  or i o n i z e d  a t m s  I t  1s tqe  ~ L . I : C S ~  
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of this report to compare the intensity and type o f  spectrtm produced by 

discharges excited by difrerent methods. 

The arc discharge described here i s  based on the design used 

Figure 1 5  shows the lamp assembly, by P. Hartman. '19'21) 

i s  a helically eoiled nickel ribbon dipped in barium carbonate and 

activated in a hydrogen atmosphere. A trigger F m  is inserted in the 

quartz discharge tube to strike the arc initially, A Iesla cos: ES 

The fL;amerrt 

suitable to trigger the discharge. The filament draws apprcximateiy 

12 A at 4 volts, while the voltage across the discharge is about 90 V- 

when an arc current of 3 A i s  being passed in hydrogen Thus, the i r g h t  

source can be operated at 270 watts. The D . C ,  glow dLscharge descrl5,ta in 

Part A was operated at approximately 240 watts, 

Although the arc discharge produces a strcng hydrogen mcle:uiar 

spectrum, the atomic resonance line is by far the most intense I  ne Ls;ng 

the standard 5 M Seya monochromator with 50 micron slits, the P c 1 6  A I : ~ - i t t  

produced 10'' photons/sec. which is at least 50 percent c f  the tct-jl r a c i d -  

tion between 1350 A and 1050 A. Further, the higher members of the Ljinar, 

Series of atomic hydrogen, Beta and Gamma, appeared clearly above the  

weaker molecular bands 

By using a mixture of hydrogen and helium in  th= d : s i h a r g r - -  

approximately 2 5  percent hydrogen--the radjation beccmes near  Iy In> n E 

chromatic in the Lyman-alpha line at 1216 A, Actuajly, tht i n t t n s t r y   if 

the atomic lines in the pure hydrogen discharge did not chaqgt avpre-:ab!y 
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when hel ium was added; however, t h e  i n t e n s i t i e s  of  t h e  molecular  l i n e s  

were g r e a t l y  reduced.  F i g u r e  16 shows the Lyman ser ies  of a tomic hydrogen 

when a hydrogen-helium mixture  was used i n  t h e  a r c  d i s c h a r g e ,  

When a d i s c h a r g e  i n  a rgon  was s t u d i e d ,  t h e  argon resonance  line 

a t  1048 A and t h e  1066.7 A l i n e  appeared w i t h  good i n t e n s i t y  a l t h o u g h  

about  an o r d e r  of  magnitude less i n t e n s e  than  t h e  hydrogen 1216 A l i n e ,  

The resonance l i n e  o f  i o n i z e d  a rgon a t  919.8 A a l s o  appeared a l o n g  w i t h  

many weaker l i n e s  t o  s h o r t e r  wavelengths .  U n f o r t u n a t e l y ,  w i t h  argon this 

p a r t i c u l a r  lamp would n o t  o p e r a t e  p r o p e r l y ,  but  presumably t h e  a rgon  l i n e s  

appeared down t o  about  500 A a s  they  do i n  t h e  glow d i s c h a r g e .  I f  t h e  

argon l i n e s  are of u s a b l e  i n t e n s i t y ,  then t h i s  i s  one of t h e  major advan- 

t a g e s  of t h e  h o t  f i l a m e n t  arc d i s c h a r g e .  Normally, t o  produce r a d i a t i o n  

below 1000 A of  u s a b l e  i n t e n s i t y ,  one m u s t  use  a h i g h  v o l t a g e  s p a r k  d r s -  

c h a r g e .  The d isadvantage  of  t h e  s p a r k  d i s c h a r g e  i s  t h a t  h i g h  frequency 

e l e c t r i c a l  n o i s e  i s  r a d i a t e d  and t h i s  i s  v e r y  hard  t o  s h i e l d  a g a i n s t ,  

The h o t  f i l a m e n t  arc  d i s c h a r g e  i n  hydrogen produces an  o v e r - a l l ,  

more i n t e n s e  spectrum than  t h e  c o l d  cathode d i s c h a r g e .  The i n t e n s i t y  r a t i o  

is only  a f a c t o r  of  two o r  t h r e e ;  however, t h e  r a t i o  of atomic t o  molecular 

l i n e  i n t e n s i t i e s  i s  much g r e a t e r  f o r  the h o t  f i l a m e n t  a r c  d i s c h a r g e ,  In 

both  types  of d i s c h a r g e  u s i n g  a hydrogen-helium m i x t u r e ,  n e a r l y  monochro- 

matic r a d i a t i o n  a t  1216 A i s  produced, 

C. THE DUOPLASMATRON 

The Duoplasmatron was developed about  twelve y e a r s  ago a s  a 

h i g h l y  e f f i c i e n t  s o u r c e  of  p r o t o n s .  A f t e r  i t s  p u b l i c a t i o n ' 2 2 '  in  1956 a 
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number of variations were designed and used as ion or electron sources 

for such applications as accelerator ion sources and ion propulsion 

devices ~ ‘ 2 0 ’ 2 3 ’ 2 4 ’  

namely, that the highly concentrated plasma of  a Duoplasmatron poss~bly 

would emit intense vacuum ultraviolet iadiat ion 

( 5  3 A further application was suggested by Herzog; 

In the spectral region below 1000 A conventional light scurces 

are of the high voltage pulsed type with their inherent disadvantages that 

they radiate electrical noise and are difficult to operate at a ccnstant 

1 ight intensity output. Thus ,  it is desirable to look for a light s j t r c e  

which emits radiation below 1000 A o f  comparable sntensity t o  the high 

voltage pulsed type but which operates from a D.C. supply, The hot fila- 

ment type of ILght source falls into this category with the exception of 

light intensity. It was felt, therefore, that with the combinaticn cf hot 

filament and ax a1 magnetic field as found in the Duoplasrnatron that the 

light intensity would be comparable with the high voltage pulsed light 

s o u r c e s  ~ 

A preliminary measurement of the total intensity between 1050 A 

and 1350 A was made u s i n g  a nitric oxide ion chamber wLth a Dupplasmatron 

which was currently being used as an i o n  source The source had an anrdc 

opening of 0 008 inches, Csing hydrogen in the Ducplasmatrm with an arc 

current of 300 mA. an Lntensity of apprcximately 10 phatonsiseclcm‘ was 

measured a t  a distance of 25 cm from the anode opening f o r  the 1216 A 

Lyman-alpha line. This is based on the assumption that 50 percent of 

the ion chamber response was due to the 1216 A line--an assumption which 

1: , 
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is normally true for a hot filament-type hydrogen lamp. Subsequently 

a Duoplasmatron light source was designed, built, and tested 

The principle of the Duoplasmatron can briefiy b2 described as 

follows: A low pressure arc discharge in hydregen, typically 20 t o  :?( I  

microns pressure, is constricted by a funnel-shaped baffle placed betwien 

the electron-emitting cathode (hot filament) and the anode. A strong 

axial magnetic f i e l d  of approximately L O O 0  oersteds is develcped bctw?;” 

the baffle and the anode by a pole piece arrangement simiiar to thcf+. 

used as magnetic lenses in electron microscopes, this f u r  ther ccnstr 1 :  rs 

the discharge to a narrow plasma beam along the axis. If the anod? h a c  

a central opening, a very intense ion or electron beam r a n  be extra::e~] 

from the plasma. Any gas can be used to produce the icns prcv:ded the 

gas does not poison the filament, 

1 a Design Considerations 

ID the DvQplasmatron the plasma density en the ax:e pear 

the anode increases quickly with the magnetic field strength- and a i t t r  

passing a flat maximum slightly decreases, In practice, this m r a ” ~  c p ?  

has to operate the Duoplasmatron above a minimum magnetic field s t r c r t d r h  

t o  provide a maximum plasma density on the a x i s ,  In conbentional LL 

piasmatrons the magnetic field i s  generated by a soiencid cf 2000 t .c  

7000 amp tuns, providivg a magnetic field of the order cf ‘000 w r < t e d % -  

between the pole pieces. Hcwever, i t  would appear that a permanent mag 

net of equivalent strength would be equally as efflcfent as a e o : e i i c ~ d  

36 



and at the same time have the following advantages. (a) no power supply 

for the magnetic field is needed; (b) since the heat generated in the 

solenoid is of the same order as the heat generated by the arc, then for 

a given cooling rate a higher arc current can be drawn i f  the solenoid 

is replaced by a permanent magnet; Cc)  since the baffle electrode, whLch 

forms one pole of the magnetic field, operatrs at a different electrical 

potential than the anode, wh-ich forms the other magnetic pole, it is 

necessary in the case of  a solencid to have an additional air gap in 

the path cf the magnetic flux through the i ron  enclosure t c  prcvide 

electrical insulation. For a given magnet~c field strength thLs requLres 

add i t ional magnetic induct ion- This is  avoided if one chooses c+ramic 

permanent magnetic material, which is electrically insulating, (dj There 

are ceramic magnets on the market which have an exceptionally hlgh coer- 

cive force. typically around L O O 0  oersteds ( 2 6 3  That means the requ.red 

magnetic length is relatively small; therefore, less iron is needed and 

since the ceranilc material itself is much lighter than copper, the whole 

assembly becomes considerably shorter and lighter Than an equivalent 

design emplcying a magnet coil. 

2 .  Construction 

A secticnal view of the Duoplasmatron is shzwn in Fis, 1 7  

The magnetic field is provided by three rings o f  highly-oriented barium 

ferrite permanent magnetlc material (Indox V b  which are magnetized i n  the 

direction of their axis. ThLs provides a field of 7000 oersteds between 

the baffle aperture and the slit holder. The magnetic flux goes frcm cne 
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I p o l e  o f  t h e  magnet through t h e  source  f lange  and t h e  s l l t  h o l d e r  over 

t h e  gap ,  th rough t h e  w a l l  o f  t h e  b a f f l e  e l e c t r o d e ,  and then  through t h e  

cover p l a t e  t o  t h e  o t h e r  p o l e  of  t h e  magnet, The s l i t - - t h e  two h a l v e s  

o f  which are screwed t o  t h e  s l i t  h o l d e r - - i s  h e l d  by t h e  s t r o n g  magnetic 

f i e l d  between t h e  apex o f  t h e  b a f f l e  e l e c t r o d e  and t h e  s l i t  h o l d e r  which 

s l i d e s  i n  t h e  s o u r c e  f l a n g e ,  This  way the s l i t  can e a s i l y  be p u l l e d  o u t  

and i n s p e c t e d ,  The magnet ic  f i e l d  p r e s s e s  t h e  s l i t  a g a i n s t  t h e  anode 

which is a n  a i r - c o o l e d  d i s c  of  copper .  The c o o l i n g  dLsc,  a ceramic 

s p a c e r  r i n g  and t h e  b a f f l e  e l e c t r o d e - - o n t o  which is  screwed a s t a i n l e s s  

s tee l  r e t a i n e r  r f n g - - a r e  s e a l e d  t o  t h e  source  f l a n g e  w i t h  s i x  screws 

s i m u l t a n e o u s l y ,  having  indium o r  g o l d  O-rings between each o t h e r .  The 

b a f f l e  e l e c t r o d e  i s  c l o s e d  by a feed-through c a p ,  which carr ies  t h e  gas  

i n l e t  tube  and two ceramic t e r m i n a l  bushings which hold  two s t u d s  between 

which t h e  f i l a m e n t  i s  mounted. The f i l a m e n t  i s  p la t inum mesh w i r e ,  which 

i s  dipped i n  a suspens ion  of  barium c a r b o n a t e  and a c t i v a t e d  in  a hydrogen 

atmosphere,  A c o o l i n g  f a n ,  mounted on t h e  cover  p l a t e ,  blows a i r  through 

twelve h o l e s  i n  t h e  cover  p l a t e ,  a long  t h e  b a f f l e  e l e c t r o d e ,  through 

twelve h o l e s  i n  t h e  c o o l i n g  d i s c ,  and f i n a l l y  o u t  through twelve channeis  

in the  s c u r c e  f l a n g e .  

The c i r c u i t  diagram f o r  t h e  a r c  power supply  is shown In 

F i g u r e  18. The s u p p l y  is c u r r e n t  s t a b i l i z e d  by s imply  i n s e r t i n g  an amperil 

b a l l a s t  t u b s  i n  s e r i e s  w i t h  t h e  l o a d .  F i g u r e  19 shows t h e  c u r r e n t - v o l t a g e  

c h a r a c t e r i s t i c s  of  a t y p i c a l  tube .  The power supply  was c o n s t r u c t e d  with 
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ten amperite 3-38 A ballast tubes in parellel in order to provide cLrr?r;t 1 

stabilization for 0 . 3  amps to 3 amps by switching in the number of tubes 

required to provide the desired arc current. 

3 .  Results 

The Duoplasmatron, as shown in Figure 17, has been operated 

successfully both as an ion source arid as a vaclium ultraviolet light 

source, The extractor aperture of the Duoplasmatron ion source w a s  

replaced by a slit assembly 1/8  inch high by 50 microns wide The ,c L i t  

assembly constituted the entrance slit of a M Seya-typr vacubm mcn- 

chromator having a reciprocal dispersion of 16 A/mm, bnder such c o v e L : i  T S  

a wavelength resolution of approximately 2 A was obtained No w:ndnw.s w e ~ e  

used between the light source and the monochromator since no suLtablc m a r c .  

rials exist which will transmit radiation below 1050 A (the short wakelmgtrl 

transmission limit of lithium fluoride), However, due to the !ow operatLng 
& 

pressure of the Duoplasmatron and the small slit area, a pressure of ik.? 

torr was maintained in the monochromator chamber without the use  of a C i f -  

ferentral pumping chamber between the light source and monochrcmatcr W.cn 

the discharge was started, the pressure in the monochromator decreased bv 

a factor of two or three. This, apparently, is due to the intense ioniza 

tion in the vicinity of the entrance slit impeding the f l o w  of n e u t r a l  g ~ s  

through the slrt into the monochromator. The entrance s ! i t  i s  at a p ~ ~ r t i ~ , ~  

potentlal relative to the baffle in the Duoplasmatron 
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The ultraviolet detector was an EM1 9514B photomultiplLer 

tube sensitized to vacuum ultraviolet radiation by coating its envelope 

b 

with sodium salicylate. The quantum efficiency of this scintillator has 

been measured from 2000 A down to 800 A and found to be constanS. (91  

Although it is probable that the constancy of the quantum yield of 

sodium salicylate continues in the region of our measurements down t o  

550 A. one must be careful in comparing the relative intensity of two 

lines rather widely separated as the efficiency of  diffraction gratings 

in the vacuum ultraviolet region of the spectrum is not constant with 

( 1 7 )  wavelength. 

Figure 20 shows the spectrum of hydrogen between 1800 A and 

900 A, It is a typical hydrogen spectrum with the molecular continuum 

to longer wavelengths o f  1650 A and the many-lined molecular spectrLm to 

shorter wavelengths with the atomic lines of the Lyman series, alpha and 

beta, at 1215.7 A and 1025.7 A ,  respectively. However, it does differ 

f r o m  the spectrum produced in a hydrogen glow discharge (cold cathode 

type.' in that the atomic resonance line at 1'215.7 A is several times m'3rE 

ivtensr than the most intense molecular line, usually 1608 A .  As tht a r c  

current was varied from 0 to 0.9 amps, the light iptensity i n c r e a s e d  almt-c-r. 

1 inearly- - the  molechlar lines increasing at a somewhat slower ratG than the 

atomic lines. This result can be correlated with the analysis of t h e  Seam 

compositio? as a function of arc current as reported by Moak et a1 

T*7hC foLnd  a rather linear and more rapid increase i n  the atimlc ;on can 

tent than i n  the molecular ion content. 
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3 An argon spectrum from 550 A t o  1100 A is shcwn i n  F l g .  2 ;  

The arc  c u r r e n t  w a s  1 .5  amps w i t h  30 v o l t s  between anode and f i l a m e n t ,  

A s  t h e  a r c  c u r r e n t  increased  from z e r o ,  the r a d i a t f o n  from excLted 

n e u t r a l  atoms i n c r e a s e d  t o  a maximum around 1 amp and then  remained 

constant or even decreased  s l i g h t l y  as the a rc  c u r r e n t  i n c r e a s e d  f u r t h e r ;  

however, t h e  r a d i a t i o n  from t h e  s i n g l y  and doubly ion ized  atoms continLed 

t o  i n c r e a s e .  A t  3 amps t h e  879.6 A and 878.7 A 1 ines  of  A I ?  I were a 

f a c t o r  o f  f i v e  more i n t e n s e  t h a n  shown i n  F i g u r e  2 1 ,  whereas t h e  A 

series i n c r e a s e d  by o n l y  a f a c t o r  of two. The presence  of  an  a i r  ~ e g k  

w a s  i n d i c a t e d  by r a d i a t i o n  from a tomic  n i t r o g e n  and ~ x y g 6 ~ 1 ~  

That t h e  magnet ic  f i e l d  c o n f i n e s  t h e  d i s c h a r g e  t o  a v e r y  

i n t e n s e  r a d i a t i n g  plasma a l o n g  t h e  axis i s  evtdenced by t'le f a c t  t h a t  i f  

t h e  ceramic magnets are removed one by one, the l i g h t  i n t e n s i t y  d e c r e a s e s  

r a p i d l y  t o  t h e  p o i n t  of e s s e n t i a l l y  zero  l i g h t  i n t e n s i t y  a t  z e r o  magnet;: 

f f e l d  . 

The Duoplasmatron i s  s u i t a b l e  a s  a D C l i g h t  sour:? p r c  - 

ducing  c o n s i d e r a b l e  i n t e n s i t y  i n  t h e  spectral  r e g i o n  below 1P@O A ,  hCwtl.<t.', 

t h e  r e s u l t s  p r e s e n t e d  h e r e ,  i n  a r g o n ,  a r e  somewhat l e s s  inteqst .  than thrjs- 

G f  a 6 k v ,  60 pps s p a r k  d i s c h a r g e .  By i n c r e a s i n g  t h e  a r c  d i s c h a r g e  c u r r t ' r t  

I t  a p p e a r s  p o s s i b l e  t o  i n c r e a s e  t h e  i n t e n s i t y  of thF r a d i a t i o n  t c  thc p 0 : n t  

where i t  is  comparable t o  t h a t  o f  t h e  h igh  v o l t a g e  pulsed d i s c h a r g e ,  
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D o  MICROWAVE DISCHARGE 

The f i r s t  r e p o r t e d  u s e  of  microwave f r e q u e n c i e s  t o  e x c i t e  a 

d i s c h a r g e  f o r  u se  as a s p e c t r o s c o p i c  l i g h t  sou rce  w a s  by W .  F ,  Meggers 

a t  t h e  Na t iona l  Bureau of S tanda rds .  ( 2 7 )  H e  used a 110 Mc e l e c t r c d e l e s s  

d i scha rge  t o  e x c i t e  t h e  spectrum of  Hgl’* u s i n g  the g reen  5L61 A l i n e  as 

a s t anda rd  of l e n g t h ,  Jacobsen  and Har r i son ,  ‘28) s t u d y i n g  these s t anda rd  

lamps. r e p o r t e d  t h a t  t h e  l i f e  and i n t e n s i t y  of t h e  lamps i n c r e a s e d  w i t h  

f requency i n  the  range  10 t o  3000 Mc, Since then ,  s e v e r a l  o t h e r  i n v e s t i ,  

g a t o r s  ‘ 2 9 - 3 4 ’  have desc r ibed  e l e c t r o d e l e s s  d i s c h a r g e  tubes  e x c i t e d  i n  a 

microwave c a v i t y .  They used a Raytheon Microtherm Genera t c r  t o  produce 

r a d i a t i o n  of  2450 Mc a t  a power ou tpu t  of 125 w a t t s ,  O f  t h e s e ,  t he  first 

r e p o r t  o f  t h e i r  u s e  as vacuum u l t r a v i o l e t  l i g h t  sou rces  w a s  by Wilk inscn  

F r o s t  and McDowell 

down t o  600 A P o  Warneck 

( 3 3  34 

used them t o  produce l i n e  s p e c t r a  i n  a i r  and argon (31? 

has  desc r ibed  t h e  use  o f  a microwave ais- ( 3 2 )  

charge  i n  hydrogen t o  produce t h e  1215.7 A Lyman-alpha l i n e  of atomic 

hydrogen f o r  photochemical r e s e a r c h .  Recent ly ,  t h e  J a r r e l l - A s h  Company 

has produced t h e  r a re  gas  con t inua  i n  a microwave c a v i t y  ( s e e  S e c t i c n  

These l i g h t  sou rces  a p p a r e n t l y  are based on t h e  r e s e a r c h e s  o f  Wi lk inscn  \ 3 3  

?he advantages  of an e l e c t r o d e l e s s  d i s c h a r g e  are  t h e  absence 

of s p u t t e r e d  e l e c t r o d e  material  and i m p u r i t i e s  imbedded w i t h i n  the  ~ 2 s : -  

t r o d e s  The absence o f  s p u t t e r i n g  prolongs t h e  l i f e  of t h e  windcws 

The microwave l i g h t  sou rce  i n v e s t i g a t e d  h e r e  w a s  s i m p l y  a l c n 2  

q u a r t z  t ube  p l aced  w i t h i n  a microwave c a v i t y .  F i g u r e  22  shows t h e  q u a r t z  
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t ube  i n s i d e  t h e  c a v i t y  which has  t o  be a i r - c o o l e d  t o  d i s s i p a t e  t h e  

i n t e n s e  h e a t  gene ra t ed  by t h e  d i s c h a r g e .  The q u a r t z  t u b e  is s e a l e d  by 

a Te f lon  f e r r u l e  through a swagelok f i t t i n g  t o  a water -cooled  f l a n g e .  

A 2450 Mc, 125 w a t t  microwave g e n e r a t o r  was used  t o  e x c i t e  t h e  c a v f t y .  

By a d j u s t i n g  t h e  tun ing  s t u b ,  maximum coupl ing  could  be achieved  and ,  

t h e r e f o r e ,  maximum l i g h t  i n t e n s i t y .  The hydrogen spectrum produced i n  

the  microwave c a v i t y  was s i m i l a r  t o  t h a t  of t h e  D.C. glow and h o t  f i l a -  

ment a r c  d i s c h a r g e s  a l though  somewhat weaker. L ike  t h e  h o t  f i l a m e n t  a r c ,  

t h e  microwave d i s c h a r g e  i n  hydrogen tends t o  f avor  the atomic s p e c t r a ,  

I n  a hydrDgen-helium m i x t u r e ,  t h e  microwave d i s c h a r g e  produces perhaps 

t h e  most monochromatic sou rce  of Lyman-alpha r a d i a t i o n .  F i g u r e  23 shows 

a spectrum taken w i t h  t h e  hydrogen-helium m i x t u r e ,  

S p e c t r a  w e r e  observed i n  a i r  and argon below 1000 A ,  bu t  t h e s e  

were v e r y  weak. It i s  f e l t  t h a t  t h e  use  of a c a p i l l a r y  of a few mm bo re  

r a t h e r  than  t h e  10 mm bore  used h e r e ,  would p rov ide  more i n t e n s i t y  i n  t h e  

r eg ion  below 1000 A .  
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* IV. CONCLUSIONS 

From the foregoing discussion it appears that several light sources 

exist which produce useful continua from 3500 A to 600 A of sufficient 

intensity to meqsure (employing photoelectric detection techniques) 

(a) absorption cross sections of gases and crystals, and (b) reflectance 

and transmittance of thin films. In addition, it appears that in most 

cases, a resolution of one Angstrom o r  better can be achieved 

For photoionization measurements, it is possible to use the continua, 

especially the Hopfield continuum, if wider entrance and exit s l i t s  are 

used. The intensities are marginal, but by sacrificing resolution f o r  

intensity, one can still get valuable data previously unobtainable s i n c e  

the conventional high voltage spark spectrum below 1000 A has gaps between 

lines of as much as 20 A .  However, the high voltage spark light s o u r c e  is 

still one of the most useful sources due to its greater intensity and low 

operating pressures eliminating elaborate differential pumping, 

Geophysics Corporation of America 
Bedford, Massachusetts 
August 1962 
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